Observations and identifications of the Merrill±Sanford bands of the silicon dicarbide molecule are reported for a range of N and J stars. The data were recorded at 0.821.6 A Ê resolution between 4100 and 5500 A Ê . A full description of the assignments and spectral features in the stars is given. The spectra are characterized by absorption from the ground vibrational level (0, 0, 0) and from higher-lying vibrational levels involving one quantum of excitation in n 1 , and up to two quanta in n 2 and n 3 , giving rise to numerous hot-bands. The first results of rotational contour calculations are presented, and are consistent with SiC 2 lying in the upper atmosphere of the star with a rotational temperature substantially lower than that of the photosphere.
I N T R O D U C T I O N
Merrill and Sanford first reported unidentified molecular absorption bands in the blue±green spectra of N-type carbon stars (Merrill 1926; Sanford 1926) . Thirty years later, Kleman (1956) presented spectroscopic laboratory evidence that the bands arise from the SiC 2 molecule. However, it is only since SiC 2 was proven to have a T-shaped as opposed to a linear equilibrium structure (Michalopoulos et al. 1984 ) that the main features of the rotational and vibrational band structure of its electronic spectrum have been understood (Bredohl et al. 1988; Butenhoff & Rohlfing 1991) . Apart from intrinsic interest in the formation, reactions and spatial distribution of SiC 2 in an astronomical context, these developments will allow new insight into conditions in some of the cooler carbon stars. A particularly interesting question is the extent to which gas-phase SiC 2 may be involved in the formation of solid silicon carbide (SiC) which is commonly detected via its emission feature at 11.3 mm. The SiC 2 molecule is also important and unusual from a chemical and theoretical viewpoint, as it has a very low barrier to internal rotation of the C 2 moiety within the molecule (Coudert 1993; Ross et al. 1994 ). This has a profound influence on the astronomical spectra, is crucial to their vibrational band assignment, and makes the molecule a particularly valuable probe of astronomical environments.
The first definitive vibrational band assignments of astronomical SiC 2 spectra were made recently by Sarre, Hurst & Lloyd Evans (1996) , for the region close to the origin band between 4750 and 5050 A Ê . In this work we present assignments of the Merrill±Sanford bands in a number of carbon stars over a much wider wavelength range, and outline the potential of SiC 2 as an astronomical probe of stellar atmospheres. The following paper (Lloyd Evans, Hurst & Sarre 2000) describes a radically different situation in which emission from cool SiC 2 is observed from a unique object, IRAS 1231123509.
A S T R O N O M I C A L A N D L A B O R AT O R Y S P E C T R O S C O P Y
Following the discovery by Merrill and Sanford, additional`blue± green' bands were observed by Shane (1928) and McKellar (1947) who suggested a possible identification of the carrier as a diatomic metal hydride as well as providing the first reasonably complete inventory of the bands. The stronger bands were later observed at high resolution by Sanford (1950) . Swings, McKellar & Rao (1953) argued on the basis of the lack of rotational fine structure and other considerations that a polyatomic molecule origin was favoured. This idea was discussed further by Humblet & Mannino (1955) , who sought, but did not find, a relationship between the intensities of the Merrill±Sanford bands and the Swan bands of C 2 .
A major advance in identifying the carrier of the bands was made by Kleman (1956) , who recorded many of the observed astronomical bands in both emission and absorption in the laboratory. Kleman's experiment involved heating silicon in a graphite tube to a temperature of about 2500 K in a King furnace. The spectrum was ascribed to the SiCC molecule on the basis of the chemical conditions under which it was recorded and the form of the spectrum. It was thought to have a linear geometry by analogy with C 3 , which was already known to be linear in its ground and first excited electronic states. The notion that SiC 2 was a linear molecule persisted for almost 30 years, during which time laboratory spectra were obtained both in the gas phase (Verma & Nagaraj 1974; Bondybey 1982) and in matrices (Weltner & McLeod 1964; Bondybey 1982) , although Bondybey did raise the question as to whether this was the case.
In 1984 Michalopoulos et al. described a rotationally resolved electronic spectrum of the SiC 2 origin band. It was obtained by resonant two-photon ionization spectroscopy, analysis of which revealed for the first time that the molecule was T-shaped. Theoretical calculations carried out simultaneously produced the same result (Grev & Schaefer 1984) . Theoretical interest in the molecular structure of SiC 2 has continued; recent examples include work by Nielsen et al. (1997) , Zhang et al. (1998) , Arulmozhiraja, Kolandaivel & Ohashi (1999) and Jursic (1999) .
High-resolution electronic spectra of the 0 0 0 and 2 1 0 bands have been reported (Bredohl et al. 1988) . Extensive vibrational and rotational analysis of laser excitation and dispersed fluorescence (DF) spectra by Butenhoff & Rohlfing (1991) , coupled with the molecular parameters from the work of Bredohl et al., has enabled the assignments and modelling presented in this and the following paper (Lloyd Evans et al. 2000) to be accomplished.
The intensities of the strongest Merrill±Sanford bands in astronomical spectra were estimated by Yamashita (1967 Yamashita ( , 1972 Yamashita ( , 1975 as part of his carbon star classification, and by Walker (1976) . Walker found that these estimates were well correlated with B 2 V colour, which he considered to be an indicator of the violet opacity in carbon stars. Tsuji (1981a,b) used these estimates to show that the intensities of the Merrill±Sanford bands show a strong decrease with increasing photospheric temperature between 2400 and 3600 K, as estimated from near-infrared photometry. The extreme redness of cool carbon stars made it very difficult to obtain spectra in the blue spectral region. Most of the N stars observed by Yamashita were hotter examples where the Merrill± Sanford bands were weak or absent, while cooler N stars in his survey were mostly observed in only the red spectral region. In a separate study, Yamashita & Utsumi (1968) looked for the Si 12 C 12 C and Si 12 C 13 C isotopic bandheads within the 4909-A Ê band of RY Draconis, which was known to have strong isotopic bands of C 2 . However, the work was based on calculations by Yamashita (1967) under the presumption of a linear SiCC molecule. The most recent recordings of SiC 2 stellar absorption spectra are those of Alksnis & Zac Ïs (1993 .
The Merrill±Sanford bands have also been observed in GL 2688, the Cygnus Egg nebula (Cohen & Kuhi 1977 , 1980 . Absorption was attributed to photospheric SiC 2 , whereas emission was thought to occur in the nebula itself where the SiC 2 was cooler. Emission from SiC 2 has been observed in one other object to date, IRAS 1231123509, where the emission spectrum is consistent with optical excitation of cool SiC 2 molecules (Sarre et al. 1996; Lloyd Evans et al. 2000) .
In the radio region, Thaddeus, Cummins & Linke (1984) made use of the spectral information obtained by Michalopoulos et al. (1984) to assign nine previously unidentified lines in the millimetre-wave spectrum of the circumstellar shell of the evolved carbon-rich star IRC 1108216. Recordings of rotational transitions of SiC 2 in the laboratory and in IRC 1108216 (Snyder et al. 1985; Gottlieb, Vrtlek & Thaddeus 1989; Suenram, Lovas & Matsumura 1989; Bogey et al. 1991; Avery et al. 1992; Takano, Saito & Tsuji 1992; Izuha, Yamamoto & Saito 1994) , including isotopic forms (Cernicharo et al. 1986 (Cernicharo et al. , 1991 , mapping (Gensheimer, Likkel & Snyder 1992 Lucas et al. 1995) , and LTE modelling of SiC 2 up to 10 stellar radii in IRC 1108216 (Takano et al. 1992) , have followed. The SiC 2 molecule has been detected in its vibrationally excited n 3 1 level in IRC 1108216 with unusual line profiles (Forestini, Gue Âlin & Cernicharo 1997; Gensheimer & Snyder 1997) . It has also been detected by radioastronomy in the carbon star IRAS 1519425115 (Nyman et al. 1993) , and in CRL 618 and GL 2688 (Bachiller et al. 1997 ), but not in interstellar clouds. In contrast to the substantial body of optical and millimetre observations and laboratory studies, there has not been a single study of gas-phase infrared spectra of SiC 2 in the laboratory or in space, although infrared and near-infrared spectra of SiC 2 in matrices have been recorded (Shepherd & Graham 1985 Presilla-Ma Ârquez, Graham & Shepherd 1990) .
Vibrational assignments of the SiC 2 bands in N-and J-type carbon stars were reported by Sarre et al. (1996) , with special reference to spectra of the semiregular variable T Mus and IRAS 1231123509. These covered the wavelength range from 4750 to 5000 A Ê , and included the origin band with its prominent absorption bandhead near 4977 A Ê . In general, carbon stars show prominent hot-bands of SiC 2 involving excitation from vibrationally excited levels, the role of the low-frequency n 3 vibration being of particular importance. The hot-bands were greatly weakened in the spectrum of T Mus for a time in 1994, indicating that the SiC 2 molecules were present in a cooler region than those typical of carbon star photospheres (Sarre et al. 1996) .
In this paper we present comprehensive assignments of SiC 2 bands observed in absorption in the spectra of normal cool carbon stars, to both shorter and longer wavelengths of the origin band. The 13 C-rich J-type stars are represented, as well as ordinary N stars with a high 12 Ca 13 C ratio (Lambert et al. 1986 ).
O B S E RVAT I O N S
The extension of Yamashita's carbon star survey (1967, 1972, 1975) to southern N stars was stimulated by the publication of the IRAS Point Source Catalog, Version 2 (Beichman et al. 1988 ) and the Atlas of Low Resolution Spectra (IRAS Science Team 1986 ). An initial survey of 200 N stars was undertaken with the 1.9-m Radcliffe reflector of the South African Astronomical Observatory at Sutherland. Measurements were made using a grating spectrograph and an intensified Reticon (RPCS) detector (Jorden, Read & van Breda 1982) at the Cassegrain focus. The carbon stars with strong Merrill±Sanford bands are extremely red, with U 2 BY B 2 V and V 2 I each typically about 5 mag (Walker 1976 (Walker , 1979 . Thus the 4000-A Ê region is about 100 000 times fainter than the region at the red sensitivity limit of the detector. Nevertheless, the availability of astronomical spectrographs with sensitive digital detectors now allows spectra of moderate resolution to be obtained in the blue and violet spectral regions where even the visually brightest carbon stars are very faint. In the absence of an adequate order-separation filter, a first-order grating had to be used to cover the 4000-A Ê region. Relatively few stars were bright enough to be observed in this way. Even a star as bright as R For was often too faint for satisfactory observation in the 4800-A Ê region.
Two spectra were recorded for each star, covering 5550±6750 A Ê at 1.6-A Ê resolution and 4650±5250 A Ê at 0.8-A Ê resolution. Several variable stars with interesting features, such as strong SiC 2 bands, were selected for spectroscopic monitoring, which has continued for the last 13 years. Analysis of these spectra has shown that, in general, the intensities of the Merrill±Sanford bands vary in lockstep with one another. The semiregular variable T Mus is a revealing counterexample which has been discussed previously (Sarre et al. 1996) .
In addition, the brightest stars were observed in the 3600± 4500 A Ê range at a resolution of 1.2 A Ê . In order to obtain a full coverage of the SiC 2 bands, selected stars were observed over the regions 4500±4650 A Ê and 5000±5700 A Ê . Some spectra of the region with the strongest bands of SiC 2 (4500±5300 A Ê ) were taken at a resolution of 1.2 A Ê . These include a set of spectra of stars with moderately strong SiC 2 bands, which were observed with a SITe S1526A 1752 Â 532 element CCD detector in order to obtain a flatter wavelength response and hence facilitate modelling of the spectra.
The origin band can be very strong indeed in the spectra of cooler stars. In extreme cases, most of which are J stars, the residual intensity at the strongest part of the saturated band is not significantly greater than the background level of about 2.5 per cent of the continuum which is expected from optically scattered light and`crosstalk' in the RPCS detector (Jorden et al. 1982) .
A separate project on the optical identification of much redder objects in the IRAS Point Source Catalog (Beichman et al. 1988) revealed IRAS 1231123509 (Lloyd Evans 1991), which has the Merrill±Sanford bands in emission. The initial assignments of bands in the 4750±5000 A Ê region (Sarre et al. 1996) have been extended to the whole 4200±5600 A Ê region (Lloyd Evans et al. 2000) . Some of the bands seen in emission in IRAS 1231123509 do not appear in absorption in the N stars.
OVERVIEW OF CARBON STAR S P E C T R O S C O P I C F E AT U R E S
The ability to discern, measure and interpret features due to SiC 2 is dependent on other contributions to the absorption spectrum, most notably from the Swan bands of C 2 . Examples of a range of such spectra for carbon stars are given in Barnbaum, Stone & Keenan (1996) , of which the spectra of J-and N-type stars are the most relevant to this work. For example, the higher rotational lines of the (0,0), (1,1), etc. bands of C 2 overlap the origin band of SiC 2 , while the 1 1 0 band is contaminated by rotational lines of the (1,0), (2,1), etc. bands of C 2 . Although these overlapping features are of importance in modelling the SiC 2 spectra, the assignment of the majority of the bands is not seriously hampered.
The C 2 bands have pronounced bandheads and degrade to shorter wavelengths. Hence it is likely to be possible to see more deeply into the atmosphere on the long-wavelength side of the C 2 bandheads. This effect has been observed in high angular resolution observations of the oxygen-rich M stars, where the effective photospheric radius may change by as much as a factor of 2 across the TiO bandheads (Labeyrie et al. 1977; Tuthill, Haniff & Baldwin 1995) . Radiation on the short-wavelength side of a C 2 bandhead must therefore come from a higher and cooler region, which might be expected to favour the presence of SiC 2 .
The spectrum to the violet of 4400 A Ê is strongly affected by the violet opacity in the cooler N stars, and most features, even intrinsically intense transitions such as the CN bands at 4215 and 3883 A Ê and the Ca ii H and K lines (3933, 3967 A Ê ), are only weakly visible (Shajn & Struve 1947) . The region is also affected by C 3 absorption with the strongest band near 4050 A Ê , and in some instances by emission lines of Ti i, Vi and Zr i (Swings et al. 1953 , Gilra 1975 ).
The effective temperatures of the stars are of interest in the context of modelling the rotational profiles of the SiC 2 bands (Section 7). The lack of correlation of formal spectral types and estimates of T eff for carbon stars is notorious (Tsuji 1981a; Wallerstein & Knapp 1998) . Tsuji (1981a) used JHKL photometry by Walker (1980) for mainly southern carbon stars to derive temperatures by the infrared flux method, which in a few cases could be checked by using angular diameters obtained from lunar occultations. The sample of stars with measured angular diameters has been enlarged considerably since then (Wallerstein & Knapp 1998) . These authors note that such temperatures are brightness temperatures, valid only for the wavelength at which the angular diameter was measured, because the opacity changes greatly with wavelength. Most of the values they tabulate were based on measurements at 2.2 mm. The relationship is likely to depend on the composition of the atmosphere, notably the relative C, N and O abundances. The stars we have observed do not have measured angular diameters, but JHKL photometry is available (Catchpole et al. 1979; Lloyd Evans unpublished) . The stars with strong SiC 2 are mostly cool variable stars, and wavelength-dependent absorption and emission by circumstellar dust may affect their colours, as is known to be the case for V Hya (Lloyd Evans 1997). The remaining stars, which except perhaps for RY Mon are not variables of this type and whose colours do not place them in this class, have temperature estimates obtained from Tsuji's (1981a) calibration, averaged with the data collected by Wallerstein & Knapp (1998) using J 2 K 0 as an interpolation device. These are given in Table 1 . Lambert et al. (1986) estimate 2650 K for V Hya and 2770 K for Y Hya, using various alternative methods; Wallerstein & Knapp give much lower temperatures for stars similar to V Hya. Ohnaka & Tsuji (1996) obtain the higher values of 2860 K for RY Mon and 3050 K for Y Hya, by direct application of the infrared flux method. The intensity distributions in the spectra of J stars differ systematically from those of ordinary N stars, so their temperatures may not be on the same scale. These values are adequate for our purpose, however.
Estimates of the 12 C/ 13 C ratio are still the subject of dispute (Ohnaka & Tsuji 1996 , 1998 de Laverny & Gustafsson 1998) , and this is reflected in the few values quoted in Table 1 . However, there is no doubt about the distinction between the stars we describe as J ( 13 C-rich) or N.
E L E C T R O N I C S T R U C T U R E A N D S P E C T R O S C O P Y O F S i C 2
The SiC 2 molecule has an unusual T-shaped geometry, and its bonding can be described to a reasonable approximation as a C 2 2 entity which is ionically bound to a Si 1 ion (Thaddeus et al. 1984; Oddershede et al. 1985) . The origin band with a well-known head at 4977 A Ê has been assigned to aÃ 1 B 2 ÃX 1 A 1 electronic transition (Michalopoulos et al. 1984) .
The SiC 2 molecule has three normal modes of vibration: n 1 is a C±C stretch which has a 1 symmetry, n 2 is a stretching vibration between the C 2 unit and the Si atom which also has a 1 symmetry, and n 3 is a large amplitude antisymmetric bending-type vibration with b 2 symmetry. The n 3 mode corresponds to the hindered internal rotation of the C 2 entity within the molecule for modest excitation energies. The n HH 3 motion is illustrated in fig. 4 of Ross et al. (1994) . Of particular importance, both to the appearance of the spectrum and its astronomical context, is the unusually low value for the n HH 3 fundamental of 196.37 cm
21
. This corresponds to an excitation temperature of only 281 K, and so vibrational hot-bands involving n 3 are present in stellar absorption spectra. At typical photospheric temperatures the first excited and ground vibrational energy levels are almost equally populated, with a relative population (assuming LTE) of about 0.9 at 2500 K.
A selection rule for n 3 in the electronic transition restricts the change in number of quanta to even values, i.e., the 3 2 0 and 3 1 1 transitions are allowed, whereas the 3 1 0 and 3 1 2 transitions are symmetry forbidden. Although the latter type of transition has been observed weakly in high-sensitivity laser experiments (Butenhoff & Rohlfing 1991) , it is unlikely to be of significance in this work. There are no selection-rule restrictions on the other vibrational modes, and all band intensities are subject to the usual Franck±Condon factors, on which there is currently no experimental or theoretical information.
The bands are generally red-degraded with a width determined by the rotational temperature, and in many cases they have a prominent bandhead. Higher resolution laboratory spectra (Verma & Nagaraj 1974; Bredohl et al. 1988) show much more detail. Recent observations and modelling of SiC 2 spectra in carbon stars at a resolving power of 50 000 (Sarre 1998) will be described elsewhere.
S P E C T R A A N D A S S I G N M E N T S O F M E R R I L L ± S A N F O R D B A N D S
Spectra in the range 4050±5800 A Ê are given in Figs 1±4 and the assignments and relative absorption strengths are presented in Table 2 . Many of the bands have double heads due to`R' and`Q' rotational branch structure, and in these cases we have two sets of the two values, the wavelengths of the bandheads and of the peak absorption intensities. This duplicity is very clear in some cases, such as the 3 1 1 band near 4905 A Ê , but is sometimes obscured by absorption features, such as the strong atomic lines which overlap the 2 0 1 bandhead near 5190 A Ê ; in such cases a comparison of spectra of stars with a range of SiC 2 intensities resolves the situation. The same approach enables the double-headed structure to be seen in the strong saturated bands. Where the heads have been clearly identified in the laboratory work of Verma & Nagaraj (1974) , they are labelled`R' and`Q' in Table 2 ; bands from the laboratory work of Kleman (1956) The laboratory wavelengths are drawn from a range of sources, but draw most heavily on the recent data of Butenhoff & Rohlfing (1991) . In comparing the observed and laboratory wavelengths in Table 2 , it should be noted that the laboratory data in the final column refer to the (air) wavelength of the band origin, whereas the measurable astronomical features at low resolution are normally the bandhead(s) and the peak maximum(a). Hence in Table 2 there is generally a small shift between measured and laboratory wavelengths for which the band origins are quoted. There is good agreement in wavelength between the astrophysical bandheads 21 grating used in second order to give an original resolution of 0.8 A Ê , but a triangular blocking function has been used to smooth the spectra. The ordinate is uncorrected for the strongly peaked transfer function of the RPCS detector system. The spectra have a noisy appearance, but the detail is real; see, for example, the structure near 4940 A Ê , which is reproduced in all three spectra. and those bandheads for which a laboratory measurement has been made (Verma & Nagaraj 1974) . Not all bands have been recorded in the laboratory, and so some of the band origins (particularly those to shorter wavelengths and those involving multiple quanta excitation) have been estimated using the available information.
The observability of a particular band of SiC 2 depends on its strength, on instrumental constraints, and on the degree of overlap with other atomic and molecular spectral features. In the following sections we present an overview of the spectrum near the origin band, and comment on bands on the low-and high-frequency side of the origin band. A remarkable aspect of the SiC 2 spectrum is the very large number of`hot-bands' which arise from absorption from vibrationally excited levels. The SiC 2 bands are usually most clearly seen in the 13 C-rich J stars such as RV Tra, W Pic and T Mus, although ordinary N stars such as RY Mon also have strong bands. The J stars are especially favourable for the study of SiC 2 , 21 grating blazed at 4600 A Ê and used in first order to avoid the overlapping first order which interferes with the blue second-order spectra of these very red stars. The general pattern of bands is similar to that shown in Fig. 1 . This spectral region is subject to interference from bands of CN as for HD 148173. Bredohl et al. (1988) . f Band origin from table III of Butenhoff & Rohlfing (1991) . g From table I of Butenhoff & Rohlfing (1991) . in part because their spectra are often relatively brighter in the blue. A majority of the absorption bands fall to shorter wavelengths of the origin band. In most stars, bands to the red of the origin are weak or not detectable.
The origin band region
In order to introduce the main characteristics of the spectra, consider first the region between 4700 and 5100 A Ê shown in Fig. 1 is contaminated by the violet degraded rotational branch structure of the (1,1) and (2,2) bands of C 2 with heads at 5129 and 5097 A Ê respectively.
SiC 2 bands to the blue of the origin band
There are a number of progressions involving successively higher levels of vibrational excitation in the excited electronic state, the assignments for which are shown in Figs 2 and 3. The progressions originating from the vibrational ground state are in n The progression in the n 1 vibrational mode is illustrated in Fig. 2 which covers the spectral region between the (1,0) 4737 A Ê and the (2,0) 4382 A Ê bandheads of C 2 . This spectral region is dominated by the (0,2) to (5,7) progression in the violet system of CN in late R and early N stars, but the CN bands are much weaker in the cooler N stars with strong SiC 2 . This is a complicated region, and not all features are attributable to transitions of C 2 and SiC 2 . Alksnis & Zac Ïs (1994) . Given that the spectral regions in which this band and the origin band appear are largely clear of other interfering bands, the relative strengths of the 2 0 1 and 0 0 0 bands might be considered a qualitative`temperature' indicator over a range of stars, although the effects of saturation must also be considered. In certain stars, such as the semiregular variable V Hya, a wider range of hot bands is found as listed in Table 2 and shown in Fig. 4 . The J stars such as T Mus and RV Tra do not, in general, show these hot-bands, and even the 2 0 1 band at 5200 A Ê is relatively weak.
SiC 2 I N T H E S T E L L A R AT M O S P H E R E
Identification and assignment of the SiC 2 absorption bands offers a new opportunity to probe the physical and chemical conditions in these stellar atmospheres. First, we note that Tsuji (1981b) has shown that the Merrill±Sanford bands are strong in the cooler N stars with photospheric temperatures in the region of 2600 K. Thermodynamic equilibrium model calculations with CaO 2, conducted as part of a study of SiC 2 in the carbon star IRC 1108216, predict that SiC 2 produced thermochemically peaks near the star at about 2±3 stellar radii 1X3±2X0 Â 10 14 cm (Takano, Saito & Tsuji 1992) . These authors remarked that the generation of a significant amount of SiC 2 near the star may be consistent with the observation of SiC 2 in N-type stars. At 2±3 stellar radii the gas temperature in IRC 1108216 is about 1300 K compared with a photospheric temperature of about 2300 K (Omont 1991) . It is of interest to ask whether the SiC 2 spectral contour obtained in our work is consistent with a temperature which is significantly lower than that of the photosphere in a typical carbon star. We have commenced contour calculations on the origin band of SiC 2 for which rotational constants have been determined in the laboratory (Bredohl et al. 1988) . The SiC 2 molecule is an asymmetric top, and the rotational line frequencies and intensities have been (re)generated by numerical diagonalization (Birss & Ramsay 1984) . The profile calculated assuming LTE is shown in Fig. 5 , and indicates that the observed contour is consistent with a rotational temperature of about 1300 K when saturation is included.
It is recognized that the approach here is subject to important limitations including neglect of absorption by C 2 , non-LTE effects, and radiative transfer. The results of calculations including these aspects, including modelling of SiC 2 spectra recorded at higher resolving power, will be reported in a future paper.
C O N C L U S I O N S
We have presented the most complete assignments to date of the Merrill±Sanford SiC 2 bands detected in absorption in the spectra of cool carbon stars, and the first to be based on a contemporary understanding of the molecular spectroscopy. All of the bands which are expected from laboratory work are present and observable, or their absence is readily explained in terms of the level of vibrational excitation required and the complications of detecting features in real stellar spectra. The first results of rotational contour calculations are described, and are consistent with SiC 2 lying in the upper atmosphere of the star with a rotational temperature substantially lower than that of the photosphere.
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